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Abstract. Large areas of the province of Punjab, Pakistan are endemic for fascioliasis, resulting in high economic losses due
to livestock infection but also affecting humans directly. The prevalence in livestock varies pronouncedly in space and time
(1-70%). Climatic factors influencing fascioliasis presence and potential spread were analysed based on data from five mete-
orological stations during 1990-2010. Variables such as wet days (Mt), water-budget-based system (Wb-bs) indices and the
normalized difference vegetation index (NDVI), were obtained and correlated with geographical distribution, seasonality
patterns and the two-decade evolution of fascioliasis in livestock throughout the province. The combined approach by these
three indices proved to furnish a useful tool to analyse the complex epidemiology that includes (i) sheep-goats and cattle-
buffaloes presenting different immunological responses to fasciolids; (ii) overlap of Fasciola hepatica and F. gigantica; (iii)
co-existence of highlands and lowlands in the area studied; and (iv) disease transmission following bi-seasonality with one
peak related to natural rainfall and another peak related to man-made irrigation. Results suggest a human infection situa-
tion of concern and illustrate how climate and anthropogenic environment modifications influence both geographical dis-
tribution and seasonality of fascioliasis risks. Increased fascioliasis risk throughout the Punjab plain and its decrease in the
northern highlands of the province became evident during the study period. The high risk in the lowlands is worrying given
that Punjab province largely consists of low-altitude, highly irrigated plains. The importance of livestock in this province
makes it essential to prioritise adequate control measures. An annual treatment scheme to control the disease is recom-
mended to be applied throughout the whole province.
Keywords: fascioliasis, Fasciola hepatica, Fasciola gigantica, livestock, humans, climatic data, forecast indices, normalized
difference vegetation index, climate change, Pakistan.
Introduction
Fascioliasis is caused by Fasciola hepatica in Europe,
Africa, Asia, the Americas and Oceania, while it can
also be due to F. gigantica in Africa and Asia; both
parasites are transmitted by lymnaeid snails (Bargues
and Mas-Coma, 2005). Well known in the veterinary
field, this disease is also of public health impact with
human case numbers and endemic areas increasing in
five continents (Mas-Coma et al., 2009a). Human fas-
cioliasis is goining importance with the current,
improved understanding of its morbidity due to sus-
tained infection (Valero et al., 2003, 2006, 2008;
Girones et al., 2007). Due to the parasite/snail rela-
tionship, the disease is highly dependent on climatic
and environmental characteristics (Ollerenshaw and
Smith, 1969; Ollerenshaw, 1974), which explains the
influence of climate change and anthropogenic modi-
fications of the environment (e.g. construction of
dams, irrigation canals and water reservoirs) observed
in different areas (Mas-Coma et al., 2008, 2009b).
Reports indicate that human fascioliasis is emerging
in southern Asia, a wide region pronouncedly influen-
ced by climate change (Cruz et al., 2007). Pakistan has
become key for this endeavour: (i) the first human
fascioliasis cases have only recently been reported in
the rural areas of the Lahore district, Punjab province
(Qureshi et al., 2005b; Qureshi, 2008; Qureshi and
Tanveer, 2009); (ii) it is centrally located inside this
wide region; (iii) a climate change impact has already
been detected in the country (Farooq and Kahn, 2004;
Rasul et al., 2012); and (iv) there is a vast irrigation
system that feeds more than 40 million acres of irriga-
ted land. Thus, Punjab presents the highest ratio of
irrigated to rain-fed land in the world, 4:1 (Nizamani
et al., 1998).
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Table 1. Fascioliasis prevalence rates (%) reported in humans and livestock in localities (districts) of Pakistan, including the fasciol-
id species found: Fasciola spp. (Fs), F. hepatica (Fh), F. gigantica (Fg); and diagnostic method used.
1Diagnostic approach: coprology (C), serology (S) and histopathology (H); 2Total number of individuals analysed (*refers to sam-
ples studied); 3Number of infected host individuals; 4Prevelence; 5Altitude (in m); 6Dera Ghazi Khan, Multan and Khaneval.
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Punjab is the largest and most densely populated
part of Pakistan, most of its inhabitants depending
on agriculture and livestock, while fascioliasis has
been reported to be widespread in buffaloes, cattle,
sheep and goats since long ago (references in Table
1). Prevalences appear to vary pronouncedly, from
less than 1% in northern Islamabad and Rawalpindi
hills area (Gadahi et al., 2009) to 70.6% in Farooqia
on the Punjab plain where stagnant water stays long
as it is not easily absorbed into the soil (Iqbal et al.,
2007). Prevalence rates are lower in the southern
part of the province (cattle 9%, buffaloes 4%, sheep
2%, goats 3%) (Raza et al., 2007). Additionally,
both mono-seasonal and bi-seasonal transmission
patterns of fascioliasis have been detected (Maqbool
et al., 2002; Khan et al., 2009, 2010), confirming
the heterogeneous picture and underlining why the
economic losses in Punjab province are particularly
high (Chaudhry and Niaz, 1984; Chaudry et al.,
1984; Khan et al., 2009).
In Pakistan, fascioliasis is also present in other
provinces: 4% prevalence in buffaloes from
Hyderabad in Sindh province (Bhutto et al., 2002);
in sheep (7.7%), goats (7.0%), cows (12.4-16.2%)
and buffaloes (11.5-13.5%) in Quetta (1,693 m),
Balochistan province (Nawaz and Nawaz, 1987a,b;
Ahmed et al., 2005; Kakar and Kakarsulemankhel,
2008; Kakar et al., 2011); in buffaloes (5.9%) of the
northern Khadagzai area, Dir district, Hindu Kush
Range (Azam et al., 2002) (Fig. 1a). Altitudes vary
from 30 m above mean sea level (MSL) in
Hyderabad to 1,693 m in Quetta.
There is an overlap of the two fasciolid species
(Chaudhry and Niaz, 1984; Masud and Majid, 1984;
Maqbool et al., 2000, 2002; Khan et al., 2009,
2010). Mixed infections of F. hepatica and F. giganti-
ca occur on the boundaries of highland areas, presu-
mably as a result of the movement of stock between
high and low ground or through overlapping of the
territories of the snail intermediate host. Thus, in
upland districts as Dir, Swat and Chitral, F. gigantica
is replaced by F. hepatica (Kendall, 1954). In the
upland of Quetta, F. gigantica mostly exceeded F.
hepatica due to the fact that animals are brought
from the lowlands because of their lower cost
(Ahmed et al., 2005). Interestingly, only F. hepatica
was reported in sheep and goats in Asghara valley of
Ziarat, Balochistan (Razzaq et al., 2002), while
mixed infections were reported in sheep from the
Faisalabad lowlands (Hayat et al., 1986; Iqbal et al.,
1986). In Punjab province, results indicate that F.
gigantica is more widespread than F. hepatica (Khan
et al., 2009). Lastly, the presence of F. hepatica/F.
gigantica intermediate forms has been confirmed in
Punjab by fasciolid adult and egg phenotyping
(Afshan et al., 2013) by computer image analysis
system (CIAS) methodology (Valero et al., 2005).
This study aims at analysing the climatic factors
influencing fascioliasis in Punjab, with emphasis on
climate change and man-made environmental modi-
fications, based on forecast climatic indices and
remote sensing data. The 1990-2010 period is analy-
sed to assess a potential recent increase of fasciolia-
sis risk which may explain human infection reported
in the last decade. This study represents an effort to
obtain the baseline on which to establish appropria-
te control measures for Punjab province.
Materials and methods
Study area
The study zone comprises the province of Punjab,
with emphasis on the districts of Rawalpindi,
Jhelum, Lahore, Sargodha and Faisalabad (Fig. 1a).
Local grazing is practised in cultivated lands or
adjoining forests throughout the year. Nomadic and
semi-nomadic grazing to and back from alpine pas-
tures in Himalaya foothills have a long history. The
Punjab province consists of a large plain with some
hilly areas in the North-West and extreme South-
West. There is the Potwar Plateau adjacent to the
mountains and a desert belt in the south-eastern part
known as Cholistan. The Indus River and its tribu-
taries, originating from the Himalayas and flowing
from north-west to south-west, feed the plain (Fig.
1b). After the monsoon rains in the summer, the
flow of water increases, sometimes resulting in
flooding. A great amount of this water is used for
irrigation including dams, barrages and a canal net-
work of about 60,000 km.
Climatic data
Monthly climatic data from a 21-year period
(1990-2010) were obtained from five meteorological
stations, selected to provide representative informa-
tion for the three rainfall regions of the Punjab
province (Hussain and Lee, 2009) (Table 2, Fig. 1).
Meteorological variables obtained from each station
are given in Table 2. Seasonality was assessed by
representing mean monthly data of the aforemen-
tioned factors in yearly graphs and climate dia-
grams.
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Fig. 1. (a) Map of Pakistan showing the provinces, the five meteorological stations (white triangles) and the localities-districts (green
circles) of Hyderabal, Quetta and Dir where fascioliasis in livestock has also been detected. (b) Map of Punjab province showing
the main orographic characteristics (surface, relief and altitudes) and the Indus River system with tracts of land between tributaries
(doabs).
Meteorological stations
Rawalpindi Jhelum Lahore Sargodha Faisalabad
Geographical
coordinates
33º 36' 20'' N
73º 02' 37'' E
32º 56' 00'' N
73º 43' 14'' E
31º 32' 42'' N
74º 20' 27'' E
32º 04' 44'' N
72º 40' 18'' E
31º 24' 32'' N
73º 05' 00'' E
Altitude (m) 502 228 217 190 186
Climatic factors
MET1 (ºC)
21.69 ± 7.23
[9.00 - 32.50]
23.94 ± 7.16
[10.50 - 39.50]
24.95 ± 6.92
[10.90 - 35.10]
24.65 ± 7.63
[9.50 - 35.50]
24.33 ± 7.57
[10.10 - 35.10]
MmT2 (ºC)
14.69 ± 7.83
[1.00 - 28.30]
17.16 ± 7.67
[3.60 - 27.30]
19.34 ± 7.32
[5.50 - 29.20]
17.82 ± 8.21
[1.30 - 28.80]
17.58 ± 8.11
[2.30 - 29.30]
MMT3 (ºC)
28.67 ± 6.89
[15.20 - 40.50]
30.55 ± 6.84
[16.10 - 42.90]
30.60 ± 6.76
[15.10 - 41.70]
31.40 ± 7.25
[14.90 - 43.40]
31.05 ± 7.24
[15.90 - 41.90]
RAIN (mm)
103.21 ± 128.28
[0.00 - 801.40]
74.52 ± 99.84
[0.00 - 648.10]
55.95 ± 83.80
[0.00 - 640.00]
37.65 ± 49.99
[0.00 - 283.70]
33.02 ± 47.15
[0.00 - 300.30]
RH4 (%)
60.03 ± 12.74
[29.00 - 81.00]
59.56 ± 13.53
[25.00 - 84.00]
57.61 ± 13.39
[26.00 - 83.00]
62.91 ± 12.28
[31.00 - 90.00]
59.83 ± 11.93
[32.00 - 90.00]
MEv5 (mm)
3.79 ± 1.94
[0.80 - 8.60]
4.16 ± 1.84
[0.80 - 8.50]
4.34 ± 1.82
[1.10 - 8.30]
4.14 ± 1.96
[0.90 - 8.50]
4.23 ± 2.02
[1.10 - 9.10]
MSH6 (hours)
241.38 ± 51.56
[99.50 - 368.20]
232.03 ± 46.30
[101.30 - 334.60]
240.16 ± 42.83
[85.90 - 330.10]
229.68 ± 45.23
[98.70 - 328.00]
238.93 ± 46.60
[73.00 - 364.40]
MSR7 (W/m²)
16.87 ± 5.11
[6.68 - 27.27]
16.15 ± 4.77
[6.43 - 25.96]
16.49 ± 4.54
[5.91 - 25.70]
16.03 ± 4.74
[6.44 - 25.29
16.61 ± 4.77
[5.91 - 25.49]
Table 2. Mean values (± SD) and extreme values [ranges] of the climatic factors furnished by the five meteorological stations in
Punjab province, Pakistan for the 1990-2010 period.
1Mean environmental temperature; 2Mean minimum temperature; 3Mean maximum temperature; 4Relative humidity; 5Mean evapo-
ration; 6Mean sunshine hours; 7Mean solar radiation.
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Forecast climatic indices
Originally proposed by Ollerenshaw and Rowlands
(1959), the Wet Day index (Mt) was later modified by
Ollerenshaw (1971, 1973) and is expressed by the
equation:
Mt = n (R - P + 125) / 25 (1)
where n is the number of rain days, R the rainfall in
mm, and P the potential transpiration in mm. For
F. hepatica, in general, Mt values ≥100 were initially
considered to be sufficient for transmission in the UK,
and as low as 80 for France (Ollerenshaw, 1971,
1973). Months with Mt values equal to or higher than
that are potential high-risk periods for the incidence of
the disease (critical value).
Mt was calculated for each month of each year pro-
ducing a data set from which the following was
obtained for each station: (i) monthly means for the
1990-2010 period; (ii) annual means for each year
from 1990 to 2010; and (iii) annual means for the
months of summer (June, July and August) and winter
(December, January and February) for the seven peri-
ods of 1990-1992, 1993-1995, 1996-1998, 1999-
2001, 2002-2004, 2005-2007 and 2008-2010.
Although Mt is known to furnish insufficiently accu-
rate results due to its simplicity and the few climate
factors on which its calculation is based (Fuentes et al.,
1999) and is not able to differentiate between F. hepat-
ica and F. gigantica, this index was selected initially
because the intermediate latitudes and low altitude of
Punjab are not far away from those countries where
Mt has previously been applied, thus enabling com-
parisons. For a more accurate assessment by differen-
tiating between the two fasciolid species, the water-
budget-based system (Wb-bs) index, proposed by
Malone et al. (1998), was calculated:
Wb-bs = (GDD x DM), 
if [R-(PET x 0.8)] >0 + (GDD x Z)[(R-PET)/25], 
if (R-PET) >0
(2)
where R is the rainfall, PET the potential evapotran-
spiration, DM the days in month (here used as con-
stant 30 periods to avoid the problem of the 28 days
for February), Z the number of surplus rain days in the
month, and GDD the growing degree-days calculated
as the average annual mean temperature minus the
base development temperature for the liver fluke,
which is of 10 °C for F. hepatica (Ollerenshaw and
Rowlands, 1959; Armour, 1975) and 16 °C for
F. gigantica (Dinnik and Dinnik, 1963). The different
risk values of that index, conventionally established
for Ethiopia, were the following: 600 = no risk; 601-
1,500 = low risk; 1,500-3,000 = moderate risk; and
>3,000 = high risk (Yilma and Malone, 1998).
Data sets were also produced for Wb-bs for each
Fasciola species in each station, the following averages
being obtained: (i) monthly means for the 1990-2010
period; (ii) annual means for each year from 1990 to
2010, and (iii) annual summer and winter means for
1990-1992, 1993-1995, 1996-1998, 1999-2001,
2002-2004, 2005-2007 and 2008-2010.
Seasonal, yearly and geographical assessment of the
disease transmission risk
Seasonality of the transmission risk was assessed by
yearly curves of the mean monthly results for both
indices (Mt without fasciolid species differentiation
and Wb-bs with fasciolid species differentiation) for
each one of the five stations. For the analysis of the cli-
mate change impact, the changing trends of fasciolia-
sis risk for each station throughout the 1990-2010
period were assessed by using a linear model, adjusted
versus time, of the Mt and Wb-bs curves for the sum-
mer and winter according to the aforementioned seven
year groups. Surface maps on disease transmission risk
were constructed by means of the geostatistic pro-
gramme Surfer version 10 for MS Windows (Golden
Software; Golden, USA). This is a contour and surface
modelling software package, which displays data to
create maps and is useful for terrain modelling, bathy-
metric modelling, landscape visualization, surface
analysis, contour mapping, gridding, watershed and
three-dimensional (3-D) surface mapping. By model-
ling the mean annual Mt and Wb-bs index values,
maps were obtained, based on the kriging method
(Delfiner, 1976) to infer possible risk variation degrees
to areas proximal to the five stations and thus show
the geographical distribution of the disease transmis-
sion risk throughout the Punjab province.
Remote sensing data
To further assess seasonality of transmission, the
general response of vegetation was analysed by means
of the normalized difference vegetation index (NDVI)
images. This index offers maps in which vegetation is
illustrated by variation of “greenness”, in the range
from -1.0 to 1.0. This index has already proved to be
significantly correlated with the geographic distribu-
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tion of fascioliasis, both in animals (Malone et al.,
1998) and humans (Fuentes et al., 2001), as well as
with seasonality of transmission (Yilma and Malone,
1998). A total of 14 10-day (decade) composite 1-km
resolution NDVI images covering the whole province
of Punjab were obtained from the PAK-SCMS
(Pakistan Satellite Based Crop Monitoring System)
Bulletin provided by SUPARCO (Pakistan Space and
Upper Atmosphere Research Commission, SPAR-
CENT, Islamabad, Pakistan), including each month
from December 2010 to January 2012. The informa-
tion used was obtained daily and consisted of 10-m
multispectral and 5-m panchromatic data from SPOT
5 (http://www.satimagingcorp.com/satellite-sensors/
spot-5.html), as well as from 250-m resolution data
from MODIS (http://modis.gsfc.nasa.gov).
Animal and human prevalence data
Punjab fascioliasis prevalence data were obtained
from literature sources (Table 1) and treated separate-
ly according to the fasciolid species in question, i.e.
Fasciola sp. (when not specified), F. hepatica or
F. gigantica (when specified). F. hepatica/F. gigantica
intermediate forms have already been demonstrated in
the Punjab province (Afshan et al., 2013), which
means that fasciolid species identification may not
always be made by simple visual observation as usual-
ly performed when carrying out extensive surveys of
numerous animals (Periago et al., 2008). Additionally,
prevalence data were also separately considered
according to (i) each animal host species and humans;
(ii) type of diagnostic technique applied (coprology,
serology and histopathology); (iii) year (and months)
of the study; and (iv) locality/district including altitude
(Table 1).
Statistical validation of index information
Index validation was made by correlation analyses.
Bivariant correlations (Pearson’s) were calculated for
monthly fascioliasis prevalence rates (%) of both
humans and livestock (sheep, goats, cattle and buf-
faloes), versus the monthly values obtained for each of
the three indices (Mt, Wb-bs for F. hepatica and Wb-
bs for F. gigantica) for the whole year. Mono-seasonal
correlation analyses were performed for each index
for each pair of datasets by considering different time
lags according to the minimum length variability of
the Fasciola life cycle (Mas-Coma and Bargues, 1997).
Only prevalence data from yearly surveys were con-
sidered. Point prevalence rates noted in many articles
were not used to avoid introducing potential errors
due to seasonality. To analyse transmission bi-season-
ality, the correlation of NDVI with prevalence rates
was assessed by dividing the year into the first semes-
ter (first half of the year) and the second semester (sec-
ond half of the year), in order to facilitate value corre-
spondence analyses. NDVI values of the first semester
were correlated independently with the prevalence
rates of the second semester. Likewise, NDVI values of
the second semester were correlated independently
with the prevalence rates of the first semester.
Statistical analyses were carried out with SPSS
Statistics 19. Results of Mt and Wb-bs were consid-
ered statistically significant when P <0.05 and P <0.01.
Regression lines obtained for trend analyses were con-
sidered statistically significant when P <0.05.
Results
Analysis of climatic data
The climatic factors that mainly influence fascioliasis
transmission and prevalence (temperature, rainfall and
humidity), produced by mean monthly graphs, climate
diagrams and mean annual data throughout the 1990-
2010 period, varied according to altitude. Differences
between the stations mainly rely on precipitation, due
to the proximity of Rawalpindi and Jhelum to the
northern mountains of the Pir Panjal Range of the
Great Himalayas (Figs. 1a and 1b). At higher altitudes
(Rawalpindi and Jhelum), precipitation was higher and
temperature lower, with the inverse at lower altitudes
(Sargodha and Faisalabad). A marked mono-seasonal-
ity was detected with the winter months (December -
February) characterised by low temperatures and low
precipitation, and the summer months (June-August)
typified by high temperatures and high precipitation.
The spring months (March-May) presented the lowest
mean values of relative humidity (RH), while the high-
est were recorded in July and August at higher altitudes
and in November in the lowland plains.
General fascioliasis risk by the Mt index
In the study of the seasonal variation of the mean
monthly values of the Mt index throughout the 1990-
2010 period, pronounced differences were found
when comparing the five stations. These differences
were concentrated in the summer months and agree
with the altitudinal pattern. Localities at higher alti-
tudes show elevated transmission risk in those
months, whereas no marked differences appeared dur-
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ing the remaining months suggesting that fascioliasis
may not be a risk at this time or only sporadically by
transmission by accumulated still viable metacercariae
in the environment (Fig. 2). It should be considered
that metacercariae may be viable for up to 48 weeks
(Valero and Mas-Coma, 2000). However, the small
risk peak presented by the two altitude stations of
Rawalpindi and Jhelum in March should not be neg-
lected. Rawalpindi, Jhelum and Lahore showed epi-
demic risk levels from the beginning of July to the end
of August; while Sargodha and Faisalabad, situated at
lower altitudes and presenting less rainfall during July
and August (Table 2), show Mt values hardly reaching
the level needed to support transmission.
In the analysis of the yearly variation of the mean
Mt values in each locality for the seven year groups,
regression lines did not show any trend in the winter
(graph not shown). In summer, the northern hilly areas
(Rawalpindi and Jhelum) showed a clear decreasing
trend of risk, whereas a hardly noticeable increase
trend characterised the data from the lowland stations
(Sargodha and Faisalabad) (Fig. 3). However, none of
these trends presented significant P-values.
Geographically, the same results appeared in the maps
with no differences in winter, but with the fascioliasis
transmission risk decreasing and moving northward in
the northern highlands in the summer, while the
increase was barely detectable in the southern low-
lands (maps not shown).
Discriminating between F. hepatica and F. gigantica
infection risks by the Wb-bs index
In the study of the seasonal variation of the mean
monthly values of the Wb-bs index throughout the
1990-2010 period, values were obtained for F. hepati-
ca and F. gigantica. Within Wb-bs values for each
species, differences were found when comparing the
five stations. These differences concern the highest
peak corresponding to the summer months and agree-
ing with the altitudinal pattern (Fig. 4). Localities at
higher altitudes showed elevated transmission risk in
these months, whereas no obvious differences
appeared during the remaining months of the other
three seasons. The highest station in Rawalpindi
showed the lowest transmission risk for both fasci-
olids throughout these three seasons.
The yearly variation of the mean Wb-bs values in
each locality was analysed for each Fasciola species for
the seven year groups. In the winter, the index for both
F. hepatica and F. gigantica showed increasing trends
of fascioliasis risk in all stations, although none
Fig. 2. Mean monthly values of the wet-day indicator (Mt
index) in Punjab province throughout the 1990-2010 period.
Values based on measurements at the five meteorological sta-
tions of Punjab province.
Fig. 3. Long-term trends and respective regression lines of the
wet-day indicator (Mt index) for the summer months in Punjab
province. Values based on measurements at the five meteorolo-
gical stations of Punjab province over seven three-year groups in
the 1990-2010 period.
Fig. 4. Mean monthly values of the water-budget-based system
indicator (Wb-bs index) for F. hepatica and F. gigantica in
Punjab province. Values based on measurements at the five
meteorological stations studied in Punjab province throughout
the 1990-2010 period.
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appeared significant (curves not shown). In the sum-
mer, Wb-bs for F. hepatica showed decreasing trends
for the two altitudinal areas, no modification for the
Lahore area, and markedly increasing trends for
Sargodha and Faisalabad, the former statistically sig-
nificant (P <0.05) (Fig. 5a). In the same Wb-bs analy-
sis for F. gigantica in the summer, the statistically sig-
nificant trend of increase of disease transmission risk
in Sargodha should be emphasised (P <0.05). The sta-
tion of Faisalabad also showed an evident, increasing
trend, although not significant (Fig. 5b). In the two
maps of the Wb-bs values for each fasciolid species,
the highest transmission risk appeared throughout the
whole 1990-2010 period (Figs. 6a and 6b) in the
north-eastern part of Punjab province, with a decrease
towards the Punjab Plain both southward and west-
ward. Interestingly, Lahore was seen to be included in
this high-transmission risk area, which extended up to
Sargodha for F. gigantica, thus including the area of
human infection (Fig. 6b).
Fig. 5. Long-term trends and the corresponding regression lines of the Water-Budget-Based System indicator (Wb-bs index) in the
summer months for Fasciola hepatica (a) and F. gigantica (b) in Punjab province. Values based on measurements at the five meteo-
rological stations of Punjab province over seven three-year groups in the 1990-2010 period.
Fig. 6. Geographical distribution of fascioliasis transmission risk for F. hepatica (a) and F. gigantica (b) in Punjab province, Pakistan.
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Assessment of fascioliasis distribution heterogeneity
by the vegetation index
The Punjab area was heterogeneous throughout the
whole year (Figs. 7 and 8). The sequential, compara-
tive analysis of the 14 monthly NDVI maps illustrates
how pronouncedly the land changes with the seasons.
At the end of the dry season, May proved to be the
month with less green colour throughout the Punjab
plain, followed by June when the vegetation decreased
in the northern highlands. The NDVI maps show how
the Indus River basin and that of the large tributaries
only here and there showed light vegetation in these
two months. In contrast, September demonstrated
high NDVI values in both the highlands and the whole
Punjab plain, as it corresponds to the end of the rainy
season, the monsoon manifesting itself by remarkably
high rainfall. The synchronised highlands and Punjab
plain September NDVI peaks should be mentioned
here.
In between the aforementioned monthly extremes,
whereas the June-August period showed a logical
gradual increase, the months from October to April
did not show gradually decreasing NDVI degrees.
After the gradual decrease during October-December,
there another rise of NDVI values appeared but dif-
fered depending on area:
(i) in the highlands (Islamabad and Rawalpindi) a
vegetation peak appeared in April after the grad-
ual increase starting in January (Fig. 8) due to the
small rains of December and the gradually
increasing temperatures at these altitudes; and
(ii) in the Punjab plain, this second NDVI rise became
evident during the January-March period (Fig. 8);
this February peak appeared two months before
the April one in the highlands, and it was even
higher than the September one.
In the northern part of the province, the mountain-
ous triangle eastward from Islamabad and
Rawalpindi, and including these two cities, appeared
Fig. 7. NDVI map of Punjab province showing situations in the different seansons of year 2011. February represents the vegetation
peak in winter due to irrigation with May as the end of the dry season. July is the intense time of vegetation (more so in the southern
mid-half than in the northern mid-half of the Punjab plain) with September representing the peak of rainy season. The red square
shows the location of the city of Lahore, in whose western lowlands human infection has been reported. The white circles refer to
localities where Fasciola infection in livestock has been reported: Islamabad (1), Rawalpindi (2), Gujranwala (3), Kamoke (4),
Muridke (5), Sheikhupura (6), Shahdara (7), Kasur (8), Sargodha (9), Mor Mandi (10), Jhang (11), Toba Tek Singh (12), Shorkot
(13), Layyah (14), Kot Addu (15), Farooqia (16), Dunya Pur (17), Muzaffargarh (18), Lodhran (19) and Jalalpur (20).
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to have the appropriate characteristics for high fascio-
liasis transmission. Southward, the Potwar plateau
showed middle transmission risk only in summer
months (Fig. 7). Throughout the Punjab plain, despite
its topographic uniformity (Fig. 1B) and rainfall
homogeneity, the NDVI maps show a remarkably het-
erogeneous surface (Fig. 7). Throughout the western
part, the vegetated surface appeared to be related to
the Indus River basin. However, the largest vegetation
area corresponded to the eastern, wide basin created
by the Jhelum, Chenab, Ravi and Sutlej tributaries fea-
turing well-developed canal systems for irrigation.
Three large areas appeared to be without any or with
only very scarce vegetation: (i) the Sind Sagar Doab in
the northern part between the two basins; (ii) the
Sulaiman Range in Rajanpur westward from the Indus
basin; and (iii) the Cholistan, the Pakistani part of the
Thar Desert in Bahawalpur up to the Indian border in
the South. All localities presenting infected livestock
appeared within the river basins, in highly vegetated
areas (Fig. 7). Additionally, a comparison between
northern and southern Punjab plain showed that in
November-April NDVI values are higher in the north-
ern part, whereas during the May-July period of low
NDVI values this frame reverses, NDVI values in the
southern part becoming higher (Fig. 8).
Index/prevalence correlation results
Statistically significant results were obtained
between the values of the Mt, Wb-bs and NDVI
indices and the fascioliasis prevalence rates known in
humans and livestock when the Pearson’s correlation
was applied (Table 3). These correlation results illus-
trate the accuracy of the indices used. All correlations
analysed concerned the Punjab plain only, as no
appropriate monthly prevalence data from the high-
lands (Islamabad, Rawalpindi and northern neigh-
bouring areas) covering the full year could be found in
the literature.
Discussion
Geographical distribution of fascioliasis risk
In the extreme north of the province, the mountain-
ous triangle eastward from Islamabad appeared as a
high-risk area according to the Mt and NDVI values.
However, Wb-bs did not show this area as the highest
risk, which agrees with the gradual decreasing risk
according to the Mt index in the 1990-2010 period,
the lowering NDVI values in the non-rainy season,
and prevalence rates of less than 5% reported in sheep
and goats (Table 1) (Gadahi et al., 2009).
Galba truncatula, the lymnaeid transmitting
F. hepatica, has never been found in Pakistan below
the altitude of 4,000 feet (1,219 m) (Kendall, 1954).
This means that the pure transmission of F. hepatica in
the Punjab province is a priori impossible.
Consequently, F. hepatica reports in livestock from
Punjab should concern (i) whether cases in nomadic
ruminants having been infected in altitudes higher
than 1,200 m and afterwards transported to the
Punjab lowlands, or (ii) young, still small-sized
F. gigantica specimens could have been confused with
F. hepatica, without ruling out (iii) the potential inter-
mediate F. hepatica-like forms able to be transmitted
by the F. gigantica-specific lymnaeid Radix auricularia
(synonyms: Lymnaea rufescens, L. acuminata,
L. gedrosiana and L. persica). Despite this, R. auricu-
laria, Lymnaea luteola, L. acuminata and L. rufescens
together with G. truncatula, have been reported to be
present and involved in fascioliasis transmission in
lowland districts such as Gujranwala, Lahore,
Sheikupura, Sargodha, Jhang and Faisalabad (Buriro
and Chaudhry, 1981; Tanveer, 1990; Maqbool et al.,
2003). Misidentifications with R. auricularia may not
be ruled out. Even small young R. auricularia forms
might be confused with G. truncatula, although popu-
Fig. 8. Annual variation of the mean monthly NDVI values in
Punjab province in 2011 for localities where Fasciola infection
in livestock has been reported. (a) The highlands, which inclu-
des Islamabad (1) and Rawalpindi (2); (b) Punjab plain, which
includes Gujranwala (3), Kamoke (4), Muridke (5),
Sheikhupura (6), Shahdara (7), Kasur (8), Sargodha (9), Mor
Mandi (10), Jhang (11), Toba Tek Singh (12), Shorkot (13),
Layyah (14), Kot Addu (15), Farooqia (16), Dunya Pur (17),
Muzaffargarh (18), Lodhran (19) and Jalalpur (20); (c)
Northern Punjab plain including localities 3 to 10; and (d)
Southern Punjab plain including localities 11 to 20.
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lations of the latter deriving from specimens swept
away by the waters from the highlands may perhaps
shortly survive during cooler periods in the Punjab
plain lowlands.
The Potwar plateau appears as a mid-risk area,
while the north-eastern area between Lahore city and
the northern province border is more complicated. It
appears to be of mid-risk according to Mt, high risk
according to Wb-bs, and varying from no risk during
the dry season to high risk during the rainy season
according to the NDVI. Although the rest of the wide
Punjab plain is homogeneous from the topographic
and rainfall points of view (see rainfall region no. 2 in
Hussain and Lee, 2009), it appears heterogeneous con-
cerning the fascioliasis risk due to: (i) the river Indus,
its four tributaries and their five basins; (ii) the dry
northern part of the Sind Sagar Doab between the
rivers Indus in the West and Chenab-Jhelum in the
Locality of index
analysed
Definitive host
(number and species)
Locality or district of the
definitive hosts
Prevalence study
(reference)
Pearson’s
correlation
Significance
level (P-value)
Mt1
Lahore 840 sheep and 660 goats Toba Tek Singh Khan et al. (2010) 0.643 0.5
Lahore 1,140 cattle and 1,140 buffaloes Toba Tek Singh Khan et al. (2010) 0.578 0.5
Lahore 1,720 buffaloes in livestock farm Lahore, Gujranwala,
Sheikhupur, Sargodha, Jhang
and Faisalabad
Maqbool et al. (2002) 0.782 0.01
Lahore 360 humans Lahore district* Qureshi (2008) 0.657 0.5
Faisalabad 840 sheep and 660 goats Toba Tek Singh Khan et al. (2010) 0.620 0.5
Faisalabad 7,200 humans Northern Punjab plain** Qureshi (2008) 0.592 0.5
Wb-bs2
Fh/Fg Lahore 840 sheep and 660 goats Toba Tek Singh Khan et al. (2010) 0.705/0.700 0.5/0.5
Fh/Fg Faisalabad 840 sheep and 660 goats Toba Tek Singh Khan et al. (2010) 0.592/0.596 0.5/0.5
Fh/Fg Faisalabad 1,140 cattle and 1,140 buffaloes Toba Tek Singh Khan et al. (2010) 0.652/0.649 0.5/0.5
Fh/Fg Faisalabad 1,720 buffaloes in livestock farm Lahore, Gujranwala,
Sheikhupur, Sargodha, Jhang
and Faisalabad
Maqbool et al. (2002) 0.827/0.815 0.01/0.01
Fh/Fg Faisalabad 7,200 humans Northern Punjab plain** Qureshi (2008) 0.888/0.889 0.01/0.01
Fh/Fg Faisalabad 360 humans Lahore district* Qureshi (2008) 0.773/0.774 0.01/0.01
NDVI3
Layyah 840 sheep and 660 goats Toba Tek Singh Khan et al. (2010) 0.955 0.01
Layyah 1,720 buffaloes in livestock farm Lahore, Gujranwala,
Sheikhupur, Sargodha, Jhang
and Faisalabad
Maqbool et al. (2002) 0.938 0.01
Sarghoda 7,200 humans Northern Punjab plain** Qureshi (2008) 0.989 0.01
Sarghoda 1,140 cattle and 1,140 buffaloes Toba Tek Singh Khan et al. (2010) 0.969 0.01
Jhang 1,140 cattle and 1,140 buffaloes Toba Tek Singh Khan et al. (2010) 0.855 0.5
Jhang 360 humans Lahore district* Qureshi (2008) 0.958 0.01
Table 3. Bivariant correlations (Pearson’s correlation) between monthly values of the Mt, Wb-bs and NDVI indices and monthly val-
ues of the fascioliasis prevalence (%) in humans and livestock in Punjab province, Pakistan.
1Wet days; 2Water-budget-based system for F. hepatica/F. gigantica (Fh/Fg); 3Normalized difference vegetation index; *Lahore dis-
trict: rural localities of Scheme no. 2, Bhutto colony, Sheikhupura road, Khairdin park, Misri Shah and Siddiquia colony;
**Northern Punjab plain: areas of Sheikhupura, Gujranwala, Kasur, Shahdra, Kamonki and Muridke.
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east; and (iii) the southern mid-part of the Punjab
plain, including the dry Cholistan area in the east and
strip of land between the Indus basin and the province
border in the west (Fig. 1b). This heterogeneity
appears well illustrated by NDVI when comparing the
dry and wet seasons (Fig. 7).
Critical values of forecast climatic risk indices
The critical value of Mt could be conventionally des-
ignated as 55 or 60 (Fig. 2). This is pronouncedly less
than the critical value of 100 for UK and 80 for France
(Ollerenshaw, 1971, 1973). However, in Europe there
is only F. hepatica, whereas this is the first time that
this index has been applied to F. gigantica; and the
lower latitudes of Pakistan may also have an influence.
This critical Mt value would have worked well in this
study if there would not have been the Indus basin
river irrigation system, which distorts fascioliasis risks
throughout the Punjab plain.
The overlap of the presence of infection by both
Fasciola species in livestock covering almost the entire
Punjab province makes it difficult to apply the critical
Wb-bs values (Fig. 4). The maximum temperature
threshold of F. hepatica, usually put at 26 °C (Mas-
Coma and Bargues, 1997), indicates that pure F. hepat-
ica transmission may only happen sporadically and, if
at all, in the northern Punjab highlands. This suggests
that the critical Wb-bs value for F. hepatica should be
put around 600. With regard to F. gigantica, a critical
Wb-bs value of 250 indicates transmission throughout
the Punjab plain at least if dams, barrages, canals and
artificial irrigation would not be there. A critical value
of 600 agrees with the one established for Ethiopia by
Yilma and Malone (1998), where the two fasciolid
species are present at different elevation ranges and
predicted to coexist at intermediate altitude zones. In
Punjab, the existence of intermediate forms (Afshan et
al., 2013) may, however, give rise to a continuum
between the extreme requirements of pure F. hepatica
and those of pure F. gigantica presence.
Livestock influencing prevalence rates
In Punjab, livestock is restricted to the mid-sized
ovicaprines sheep and goats and the large ruminants
cattle and buffaloes. Although different livestock
species represent similar infection sources (Valero and
Mas-Coma, 2000; Valero et al., 2001), animal species
susceptibility should be considered. The livestock
species influences fluke development and egg produc-
tion and shedding (Valero et al., 1998, 2002, 2009).
Thus, liver fluke susceptibility of these two ruminant
groups is very different. This means that prevalence
rates do not allow an appropriate comparison
between mid-sized ovicaprines and large ruminants,
and neither between F. hepatica and F. gigantica infec-
tions. The infected livestock include buffalo (preva-
lence rates of 8-32%), cattle (3-70%), sheep (4-40%)
and goats (0.5-60%) (Durrani et al., 1981; Masud and
Majid, 1984; Iqbal et al., 1986; Hayat et al., 1986;
Malik et al., 1995; Razzaq et al., 2002) (other exam-
ples in Table 1).
Livestock management has also proved to be relat-
ed to different prevalence rates in the same host
species in Punjab. Thus, a study on 21,928 buffaloes
performed in slaughter houses, livestock farms, vet-
erinary hospitals and on household buffaloes, showed
differences in infection rates of 25.6%, 26.2%,
13.7% and 10.5%, respectively (Maqbool et al.,
2002). Other factors influencing prevalence rates in
Punjab are the bathing system (stagnant ponds,
rivers/canals and tap water), the farming system
(mixed farming with sheep/goats or large ruminants
only), open grazing or stall feeding, without forget-
ting the common (but not complete) use of fascioli-
cide treatment with either oxyclozanide, rafoxabide
and triclabendazole (Khan et al., 2009).
Effects of anthropogenic modifications of the environ-
ment 
A marked mono-seasonality with a very evident
peak in July and August was indicated by Mt and Wb-
bs values (Figs. 2 and 4). An additional small peak
appeared in March only at high altitudes. Since there
is no information in the literature about fascioliasis
prevalence curves throughout the year in Punjab alti-
tude areas, this March peak cannot yet be independ-
ently supported. However, the NDVI values indicated
a marked bi-seasonality (Fig. 8). A peak in September
and with the lowest values in May-June agree with Mt
and Wb-bs results, as expected from a delayed plant
growth under appropriate climatic conditions.
Interestingly, the intense January-March peak in the
Punjab plain and the less intense March-May peak in
the highlands, revealed by the NDVI, suggest that
other water sources not detected by Mt and Wb-bs
obtained from the stations would be involved:
(i) given that there is no rainfall in the Punjab plain
outside the mid-May to mid-August period, water
in the winter derives from the artificial irrigation
systems; increased irrigation activity through
extensive canalization allows for another period
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of lymnaeid activity; and
(ii) the secondary NDVI peak of March-May in the
highlands corresponds to the vegetation response
to the small rainfall peak of December and to
water flowing from more intense December rain-
fall occurring in the mountains north of Punjab;
irrigation, and not rainfall, explains the lack of
NDVI synchrony in the January-May period
between the highlands and the plain (Fig. 8).
A patent bi-seasonality was found in sheep, goats,
cattle and buffaloes from Toba Tek Singh district, in
which both F. hepatica and F. gigantica showed March
peaks of presence almost as high as in October. Both
peaks appeared very high for F. gigantica, whereas not
even half as high for F. hepatica (Khan et al., 2010).
Bi-seasonality, with a small January peak and a high
September peak, was detected in buffaloes from rural
localities of Lahore district and areas of northern
Punjab plain (Qureshi et al., 2005a; Qureshi, 2008;
Qureshi and Tanveer, 2009). Similarly, two prevalence
peaks appeared in spring (March-April) and autumn
(September-October) in buffaloes from slaughter
houses, livestock farms, veterinary hospitals and
household buffaloes from different districts of the
Punjab plain (Maqbool et al., 2002). Bi-seasonality
also occurs in other countries of the Northern
Hemisphere, such as the spring and autumn transmis-
sion interrupted by lymnaeid lethargy during the cold
winter and aestivation during the hot summer in
Europe (Fuentes et al., 1999). A mono-seasonality
with only one peak in December has, however, been
described in cattle and buffaloes from different dis-
tricts of the Punjab plain (northern Sargodha and
Jhang, and southern Muzaffargarh, Lodhran and
Layyah) (Khan et al., 2009). Thus, the comparison
between small and large ruminants from the same area
was useful as it showed why cattle and buffaloes are
not as good as host species as sheep and goats for illus-
tration of transmission seasonality (Khan et al., 2010).
Flooding of the rivers due to intense summer mon-
soons may also distort the seasonal pattern in the
Punjab plain in given years (Kahn et al., 2010).
R. auricularia is well known for its capacity to take
advantage of flooding events when the water levels
stay high for a long time. Indeed, different local pop-
ulation dynamics of R. auricularia, the only lymnaeid
species in the hot lowlands, linked to different water
body types, may explain the coexistence of fasciolia-
sis transmission mono-seasonality (with the winter
prevalence peak due to the August-September trans-
mission peak) related to only rainfall and bi-season-
ality related to annual overlap of rainfall and irriga-
tion in different seasons (with autumn and spring
prevalence peaks resulting from the August-
September and February-March transmission peaks,
respectively). Seasonal variations of environmental
factors have already been mentioned to affect lym-
naeid populations in Punjab plain (Tanveer and
Khan, 1989; Maqbool et al., 2003) and the dynamics
described above probably operate throughout the
topographically uniform endemic areas here.
R. auricularia prefers permanent water bodies with
abundant vegetation. Most favoured habitats are
still, or slightly moving, water, e.g. large lakes (par-
ticularly where any water movement is checked by
reed-beds) and seepage areas from irrigation canals.
There is considerable mortality of adult snails during
autumn and winter as they do not resist drought.
However, these snails may remain alive in a humid
atmosphere in absence of water and may be present
permanently in habitats, which become dry at inter-
vals (Kendall, 1954). Thus, irrigation may give rise to
an additional lymnaeid activity period per year
resulting in fascioliasis transmission locally as long as
temperatures do not decrease below the F. gigantica
temperature threshold of 16 °C. Moreover, water
stocking at the level of the main dam reservoirs and
barrages and subsequent canal supply may also give
rise to water availability distorting the periodicity
picture marked by rainfall.
Effects of climate change on long-term fascioliasis risk
trends
Climate change influences in Pakistan include a 10-
15% decrease of precipitation in hyper arid plains plus
an increase of the summer and winter precipitation in
the northern part of the country (Farooq and Kahn,
2004). Additionally, changes of future water availabil-
ity must take into account the predicted glacier melt-
ing (Rees and Collins, 2004) and forecasts of fewer
rains in summer and more in winter (IPCC, 2001).
Global warming will yield additional flows of the
order of 5.2 million acre feet (MAF)1 annually
(Basharat and Hashmi, 2010). Moreover, there might
be an 8-24% increase in water delivered by future
South Asian monsoons (IPCC, 2001).
The analysis of Mt and Wb-bs throughout the 1990-
2010 period does not suggest any significant change in
the long-term fascioliasis risk trend for the winter
1The amount of water covering one acre to the depth of one foot
unit (a measure used for irrigation). 
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months, although there might be a potential slight
increase. On the contrary, the results point in the
direction of evident trend modifications for the sum-
mer months. Despite the non-significant P values, the
Mt and Wb-bs indices for F. hepatica support predic-
tions of a progressive trend towards less transmission
risk in the northern hilly areas of Punjab province.
However, it should be highlighted that the agreement
of Mt, Wb-bs for F. hepatica and Wb-bs for F. gigan-
tica showed a trend of increasing risk by the two fas-
ciolid species in Sargodha and Faisalabad lowlands
(Figs. 3 and 5), the results for Sarghoda being statisti-
cally significant. This suggests that localities at low
altitudes may reach higher prevalence levels in the
future if the present weather trend continues. Climate
change may thus give rise to higher fascioliasis preva-
lence rates throughout the Punjab province: in Punjab
plain for the summer as indicated by the forecast cli-
matic indices, and in the northern highlands due to
increased water flow due to more winter rains and
deglaciation. Thus, disease bi-seasonality may become
more marked in the future.
Human infection risk in Punjab province
The studies on human fascioliasis have so far only
been performed in Lahore district and neighbouring
areas. Direct faecal examination, carried out from
April 2003 to March 2005, showed 1.2% total preva-
lence (85 infected out of 7,200 subjects), mostly in
subjects below the age of 20 years in Gujranwala,
Kasur, Shahdra, Kamonki and Muridke (Qureshi et
al., 2005a; Qureshi, 2008). In subsequent surveys
from April 2006 to March 2007, 18 stool samples
from 360 subjects (5.0% prevalence) and 27 blood
samples analysed by indirect haemaglutination (7.5%)
were positive, again mostly in young individuals, from
the rural localities of Siddiquia colony, Bhutto colony,
Scheme no. 2, Misri Shah, Khairdin Park and
Sheikhupura road in Lahore district (Qureshi et al.,
2005b; Qureshi, 2008). Both aforementioned studies
showed bi-seasonality, with one prominent peak in
August and small one in January, i.e. being clearly par-
allel with prevalence curves obtained in buffaloes by
the same diagnostic techniques from the same geo-
graphical origins and same periods (Qureshi et al.,
2005a,b; Qureshi, 2008; Qureshi and Tanveer, 2009).
Results suggest a human disease situation giving
cause for concern when considering the concentration
of infection in children and young subjects and the fol-
lowing highlights:
(i) given the low sensitivity of the diagnostic tech-
niques used (Valero et al., 2009, 2012a) and sero-
logical tests (Espinoza et al., 2007; Valero et al.,
2012b), the prevalence rates found may underes-
timate the real situation;
(ii) the human infections were located in a wide area
of the highest transmission risk according to Wb-
bs, and with pronounced bi-seasonality and a risk
in February even higher than that in September
according to NDVI;
(iii) moreover, these localities are found between
Lahore and Sargodha, namely the area showing a
significant trend of increasing fascioliasis risk due
to climate change; and
(iv) human fascioliasis in other areas of the Punjab
plain cannot be ruled out, as forecast indices indi-
cate that infection risk in areas of central and
southern Punjab plain is similar to that of locali-
ties where human infection has been found.
Conclusions and recommendations
The combined use of Mt, Wb-bs and NDVI have
proven to be appropriate for the assessment of fascio-
liasis risk areas and seasonality in Punjab province,
allowing a complete analysis in a heterogeneous epi-
demiological situation including bi-seasonality with
one peak related to rainfall and another peak related
to irrigation. The finding of bi-seasonality gainsays the
current belief in epidemiological homogeneity.
Fascioliasis in Punjab is markedly different from
that of the Bolivian Altiplano where water availability
for disease transmission only depends on rainfall
(Fuentes et al., 1999, 2001), and from Cambodia
where transmission depends on artificial irrigation up
to such a level that rainfall does not even need to be
considered in the remote sensing GIS models (Tum et
al., 2004, 2007).
The results illustrate how climate change and
anthropogenic environment modifications are influ-
encing fascioliasis risk. The economic importance of
livestock in Punjab makes this phenomenon to be
given forecast priority henceforth. In Pakistan, animal
fascioliasis is generally controlled by chemotherapy.
According to results and basing on international dis-
cussions (FAO, 1994), the following control scheme is
recommended:
(i) a first preventive-curative treatment in February-
March in the Punjab plain followed by treatment
in April-May in the highlands;
(ii) a second preventive-curative treatment in
September-October throughout the endemic areas
of the province. This treatment is crucial; and
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(iii) an intermediate prophylactic treatment at the end
of the dry season (June) when development of
free-living stages and intramolluscan fluke phases
are retarded and reproduction and activity of the
snails is minimum. If there are economic restric-
tions, this intermediate prophylactic treatment
can be avoided.
For humans, priorities should include surveys on
populations inhabiting the central and southern high
risk areas of Punjab plain with repeated surveys in
northern Punjab plain with sensitive and specific dia-
gnostic techniques to assess the real situation.
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